Abstract: Erector spinae plane block (ESPB) is a newly described interfascial plane block, and the number of articles on the bilateral application of ESPB is increasing in the literature. In this paper, in addition to analyzing bilateral ESPB cases and studies published so far, we aimed to review the relevant anatomy, describe the mechanism of spread of the injectant, demonstrate varying approaches to ESPB, and summarize case reports and clinical trials, as well as provide current insight on this emerging and popular block. Randomized controlled studies, comparative studies of ESPB versus other methods, and pharmacokinetic studies of bilateral applications must be the next step in clearly understanding bilateral ESPB.
Introduction
Erector spinae plane block (ESPB) is an interfascial plane block first described in 2016 by Forero et al 1 as an effective treatment method for the treatment of thoracic neuropathic pain. Studies published thereafter have however concentrated on the use of ESPB for perioperative or postoperative analgesia. [2] [3] [4] The first bilateral ESPB, described for postoperative analgesia in laparoscopic ventral hernia surgery, was also reported from the same center where ESPB was originally described. 5 The initial clinical findings suggested that ESPB injectant would spread to both the dorsal and ventral ramus of the spinal nerves, leading to blockage of both somatic and visceral pain, a effect similar to epidural analgesia. 6, 7 Time is required to determine the exact features and effectiveness of this block, as well as its safety and feasibility in various surgical procedures and pain syndromes, using anatomic studies, case reports, and clinical studies of bilateral ESPB. The objective of this narrative review article is to review the relevant anatomy, describe the mechanism of spread of the injectant, demonstrate varying approaches to ESPB, and summarize case reports and clinical trials, as well as provide current insight on this emerging and popular block.
Anatomic features of ESPB
Forero et al 1 initially described two different approaches for application of local anesthetic. The first was application "into interfascial plane between rhomboid major and erector spinae muscles" and the second "into the interfascial plane deep to the erector spinae muscle". The authors reported that the first approach could be insufficient and that better effectiveness could be achieved with application of the injectant deep into the erector spinae muscle in the interfascial plane. In one letter to the editor, a child undergoing surgery for funnel chest was reported to have undergone bilateral ESPB for postoperative analgesia using the "into interfascial plane between rhomboid major and erector spinae muscles" technique. 8 In all other publications, bilateral ESPB has been performed using the "into the interfascial plane deep to the erector spinae muscle" technique.
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Spread of injectant: anatomic studies and radiological imaging
There have not been any studies evaluating the spread of injectant in bilateral ESPB. In order to predict the spread of bilateral ESPB and understand the differences in sensorial block between sides of application, anatomic cadaver studies and radiological imaging reports must be well understood. In many regional anesthesia techniques, injectant spread is determined through cadaveric or imaging studies, and the results of these studies usually correlate with clinical findings. However, each anatomic study of ESPB has reported differences in results, especially with regard to sensorial block. In a study of 20 ESPB applications on ten cadavers, Ivanusic et al 9 reported that the injectant spread widely in the craniocaudal, posterior, and lateral planes, with spread of local anesthetic to the dorsal ramus posterior of the costotransverse ligament in all cases, and that injectant pass anteriorly to the transverse process or costotransverse process in only two cases. On the other hand, Adhikary et al 10 reported that local anesthetic spread widely in the plane between the erector spinae muscle and the costotransverse process, with profound spread anterior to the transverse process encompassing the paravertebral space, neural foramina, ipsilateral epidural space, and ipsilateral sympathetic chain. In magnetic resonance imaging in Schwartzman et al 11 local anesthetic was also shown to pass anteriorly. In contrast to this, 10 no involvement of the sympathetic chain was observed, but circumferential spread of the epidural space was observed. Yang et al 12 reported findings similar to Adhikary et al, 10 with local anesthetic spread to the sympathetic chain. Vidal et al 13 reported that injectant spread was evident posterior to the transverse process deep to the erector spinae muscle, as well as the paravertebral and intercostal spaces. Spread to the neural foramina or epidural space was not evaluated. Craniocaudal spread was evaluated, with 20 mL injectant reported to spread a mean of 4.6 (3-7) intercostal spaces. Studies reporting spread of injectant in ESPB are demonstrated in Figure 1 . It may be possible that lack of understanding of the fascia deep to the erector spinae muscle may be the cause of differing reports from anatomic studies. This fascia is multilayered, with at least three layers reported. 14 In most studies, injectant has been applied at the fourth or fifth thoracic vertebral level, and it is very possible that injectant spread may be different for lower thoracic or lumbar ESPB applications. 15, 16 In bilateral ESPB, it is possible that spread may differ for each side, leading to the perception of block failure clinically. The spread of sensorial block may differ craniocaudally. Three different clinical presentations have been reported. While injectant may lead to complete block of the hemithorax or the hemiabdomen's dermatome, in some cases the anterior cutaneous branch may be missed, while in others sensorial blockage of the dorsal ramus may lead to patchy block. 17, 18 The clinical features of ESPB will be better understood as further case reports and clinical studies are published.
Approaches, sonography, and technical features
The first description of ESPB was as the placement of an ultrasound probe 2.5-3 cm laterally to the spinous process at the fourth to fifth thoracic vertebral level on a parasagittal plane, directing the needle craniocaudally using the in-plane technique (Figures 2 [A and B] and 3). 1 It should be kept in mind, however, that there are three layers of muscle above the transverse process between the Th2 and Th6 levels, whereas more inferiorly there are only two, due to the lack of the rhomboid muscle in this area ( Figure 3 .) Thereafter, the transverse-approach technique was described as placing the ultrasound probe on the transverse plane and inserting the needle from lateral to medial direction using the in-plane technique ( Figure 1 , C and D). [19] [20] [21] Most recently, Yorukoglu et al 22 described their technique in which bilateral ESPB was performed using one needle insertion over the spinous process that was advanced medially to laterally on both sides, described by the authors as a safe and easy technique for performing bilateral ESPB (Figure 4 ). For the lumbar region, ESPB was first described in hip surgery in the lateral position, advancing the needle craniocaudally using the in-plane technique. 23 However, the outplane technique in the parasagittal plane later became another popular technique for lumbar ESPB. 24 Considering that lum- described as an easy-to-perform option in lumbar ESPB ( Figure 5 ). Another modification/approach for lumbar ESPB is the Tulgar approach, 27 in which local anesthetic is applied to both the posterior and anterior of the lumbar transverse process, which has a higher chance of guaranteeing block spread ( Figure 6 ).
Positioning
Positioning for bilateral ESPB changes according to the place of application and the chosen technique, although the seated, side, or prone position is generally chosen for thoracic and lumbar ESPB. In the Aksu-Cassai and Tulgar approaches, the lateral decubitus position is used. It is possible that the position of the patient when performing ESPB may effect the spread of local anesthetic and thus the effect and quality of ESPB. No studies have examined this effect. 12 (E) Spread of injectant in Adhikary et al. 10 (F) Spread of injectant in Vital et al. 13 Dark blue, obvious spread of injectant, Light blue (D, F), little spread of injectant. Green triangle, paravertebral space. Abbreviations: TM, trapezius muscle; RMM, rhomboid major muscle; ESM, erector spinae muscle; TP, transverse process; SP, spinous process; VB, thoracic vertebral body.
Operator and block technique
For bilateral ESPB, right-handed physicians must hold the transducer in their left hand, stand on the right side of the patient, and place the ultrasonography machine opposite themselves. For craniocaudal or caudocranial applications, the physician should choose a position suitable to their ergonomics. Although ESPB was first described with the in-plane technique, reports suggest that the out-of-plane technique is easier to apply. 28 When the transverse process is chosen as the target, the out-of plane technique leads to safe application. The safety margin may also be increased by measuring the distance from the skin to the transverse process using ultrasonography.
Transducer selection and needle orientation
A high-frequency linear probe is usually chosen for the thoracic area, although a curvilinear (2-5 MHz) probe may be required for obese patients. physician's experience when inserting the needle for either thoracic or lumbar applications.
Needle length and gauge
While the needle length may change according to the location of the application and patient characteristics, generally a 22 G needle measuring 50, 80, or 100 mm is used for thoracic applications, while a 22 G needle measuring 80-100 mm should be used for lumbar or other applications. While single-sided lumbar catheterization has been reported, to our knowledge there have been no reports of bilateral lumbar catheterization. 38 Reports of catheterization and features associated with it, such as local anesthetic concentration, infusion speed, or time between boluses and initial dosage, are all based on the authors' personal experience. There have not been any studies comparing of two differing modalities.
Local anesthetic volume and concentration
Local anesthetic volume and concentration is the most important factor for ESPB, as with all plane blocks. Plane blocks are volume-dependent, and thus dermatomal coverage increases with increased volume. ESPB applications have been performed using 10-40 mL volumes. When pediatric cases are evaluated, volume has been determined according to the child's weight. This dosage is generally 0.5 mL/kg, without exceeding the maximum dosage of local anesthetic in children. The choice of local anesthetic agent has been reported to be ropivacaine, levobupivacaine, bupivacaine (at concentrations of 0.5%, 0.25%, or 0.375%), and lidocaine (1% or 2% concentration). 2, 4, 28 When choosing a local anesthetic agent, an appropriate agent for single-shot use that would stay below the maximum and daily dosage should be chosen. Higher concentrations may be required for surgical anesthesia and lower concentrations for postoperative analgesia. There is evidence to suggest that dexamethasone being added to peripheral nerve blocks increases the block-effect time, including reports of dexamethasone increasing block time when used in ESPB for chronic pain, neuropathic pain, myofascial pain, and low-back pain. Some reports of ESPB with dexamethasone added to the injectant stand out, eg, dexamethasone was reported to increase analgesia time significantly with no requirement for analgesics in the first 12 hours, with a numeric rating scale (NRS) scores <3 in the first 24 hours.
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Literature review for bilateral ESPB PubMed and Google Scholar were searched on February 10, 2019 using the terms "erector spinae block" and "erector spinae plane block". Only English-language articles were reviewed. Irrelevant studies, single-sided ESPB, comments, replies, and reviews were excluded, leaving 42 case reports, letters, or case series and seven original research papers. Indications and clinical application sections were evaluated. Also, information was collected on anatomic bases, ESPBapplication methods and approaches, and complications from 226 papers related to ESPB.
Reported indications
All indications, features of applied blocks, and authors' comments are summarized in Table 1 (adult patients) and Table 2 (pediatric patients), with clinical studies summarized in Table 3 . The local anesthetics used and their volume, concentration, and dosage, as well as additives, are the respective authors' choices and do not indicate any suggestions by the authors of this review.
Pain management
As stated previously, ESPB was first described for the treatment of thoracic neuropathic pain. 1 Although thereafter publications were nearly all regarding its use for ESPB was used for effective and long-term analgesic in a patient with fracture of the lumbar vertebra transverse process. 43 Bilateral ESPB has been reported for effective analgesia in hyperalgesia caused by acute pancreatitis. 44 Sensorial block between Th4 and Th10 dermatomes was achieved and NRS dropped from 10/10 to 2/10 when 15 mL 0.5% bupivacaine was applied bilaterally at Th6 level. Acute pancreatitis pain can only be managed through blockage of both visceral and sympathetic fibers of the celiac plexus, which is the continuation of the sympathetic chain branches from Th5 and Th9 nerve roots. 45 This case report was in concordance with the findings of Adhikary et al, 10 who also reported spread of injectant to the sympathetic chain.
Cervical surgeries
There has been only one case report of bilateral ESPB in the cervical region in a patient undergoing surgery for an abscess involving a large area of the posterior aspect of the neck, severely affecting neck extension and thus intubation, in which bilateral ESPB performed from Th2 was used as the main anesthetic method. 46 Despite the requirement of partial local anesthetic infiltration perioperatively, the patient was reported to be highly satisfied with this method.
Thoracic and cardiovascular surgeries
Bilateral ESPB has been most commonly reported for use in thoracic and cardiovascular surgeries. It was first reported for postoperative analgesia requirements in chest-wall deformities, such as funnel chest and pectus carinatum, and thereafter in more complicated procedures, such as video-assisted thoracotomy surgery, thoracostomy, and thoracotomy with esophagectomy. 8, 34, 35, 37, 47, 48 There have been both case reports and clinical studies of bilateral ESPB used in cardiovascular surgeries. Bilateral ESPB led to requirement of no analgesia for the first 9 hours following aortic valve-replacement surgery. 49 In a patient undergoing emergency heart surgeries, bilateral ESPB was evaluated in a randomized controlled trial and found to decrease the total rescue analgesia and opioid requirements, as well as NRS scores, in the first 12 hours and also decrease time spent intubated.
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A patient-matched controlled before-and-after study comparing the effects of bilateral ESPB (with catheter) with thoracic epidural analgesia on postoperative pain scores, opioid requirements, and time spent intubated found that extubation times were similar, NRS scores lower at some points but on average generally similar, and the first 48 hours' morphine consumption lower in the ESPB group (40 mg vs none) . 30 This study clearly demonstrated that bilateral ESPB can be used as an alternative to epidural analgesia in open cardiac surgeries.
Breast and thoracic mass surgeries
Several regional anesthesia techniques, such as pectoral nerve, serratus anterior, and paravertebral blocks, can be used in breast surgeries. ESPB is also now an available option. The majority of studies have been randomized controlled studies in single-sided breast surgery. 51 There is however a case report of bilateral ESPB being used in bilateral breast surgery for breast cancer and reconstructive surgery. 52 Bilateral ESPB has been reported to lead to effective postoperative analgesia in a patient undergoing bilateral mastectomy and abdominoplasty. 28 Also, a randomized controlled study compared tumescent anesthesia with bilateral ESPB in reduction mammoplasty, and found that NRS scores and tramadol consumption in the first 24 hours were significantly lower in the ESPB group. Aygun et al 53 reported that bilateral ESPB led to effective postoperative analgesia in a subscapular placed bilateral elastofibroma patient. 
Open abdominal surgeries

Laparoscopic abdominal surgeries
The source and characteristics of postoperative pain differ in laparoscopic surgery when compared to open procedures. 7 One of the components of pain in upper abdominal laparoscopic procedures is the stretching of the peritoneum and peritoneal irritation caused by carbonic anhydrase response to the insufflations of parietal peritoneum with carbon dioxide. In lower abdominal procedures, pain differs according to whether the procedure is preperitoneal or retroperitoneal. While unilateral ESPB is generally sufficient in open surgeries, bilateral ESPB should be the choice in laparoscopic procedures, due to the characteristics and different components of pain. This is surely the reason that clinical trials and case reports on laparoscopic abdominal surgeries are more abundant compared to open procedures. Chin et al 6 initially described the bilateral use of ESPB, and was the first to suggest that ESPB had an effect on visceral pain, also reporting that ESPB provided effective analgesia in laparoscopic gastric surgeries.
In the first study to evaluate the effectiveness of bilateral ESPB in laparoscopic abdominal surgeries, patients undergoing laparoscopic cholecystectomy underwent bilateral ESPB from Th9 with 0.375% 20 mL bupivacaine, which was reported to lead to decreased tramadol requirements in the first 12 postoperative hours, as well as decreased NRS scores in the first 3 hours. 61 In another study of ESPB in laparoscopic cholecystectomy, unilateral ESPB using lower concentrations of local anesthesia led to statistically significantly less morphine consumption in the first 24 hours (7.5±5.8 mg vs 13.2 ±5.6 mg) when compared to a control group. 62 There have not been any studies comparing differing concentrations of local anesthetic or unilateral ESPB with bilateral ESPB. Bilateral ESPB has also been reported to be used in many upper and lower abdominal laparoscopic procedures, including laparoscopic sleeve gastrectomy, samesession laparoscopic cholecystectomy and inguinal hernia plus endoscopic retrograde cholangiopancreatography, laparoscopic varicocelectomy, laparoscopic hepatic cyst, laparoscopic nephrectomy, laparoscopic hysterectomy, laparoscopic Nissen fundoplication, laparoscopic hysterectomy, laparoscopic ovarian cystectomy, and laparoscopic hemicolectomy. 7, 19, 22, 28, [63] [64] [65] [66] [67] However, in some cases bilateral ESPB has been reported to result in block failure or lack of efficiency. 28 
Spinal surgeries
Case reports and case series have reported the use of bilateral ESPB leading to effective perioperative and postoperative analgesia with decreased opioid requirements in cervical, thoracic, and lumbosacral spinal surgeries. 32, 39, [68] [69] [70] [71] [72] [73] Also, in a retrospective study, patients in a bilateral ESPB group (20 mL 0.375% bupivacaine) had lower average NRS scores and significantly less fentanyl requirement when compared to a control group (40 μg vs 100 [80-100] μg, respectively). 74 
Pediatric surgeries
The management of postoperative pain in children is especially important. Good pain management leads to decreased postoperative morbidity, early mobilization, and decreased narcotic analgesic use (opioid-sparing effect). With the move from more conventional ultrasound-guided central blocks to peripheral blocks, regional anesthesia methods have become more popular in the pediatric patient group. Although there have been no randomized controlled studies of ESPB in pediatric patients, case series and technical notes have been published. Most cases have involved abdominal procedures, with some reports of ESPB in thoracic, cardiac, and urological procedures, reporting effective postoperative analgesia with a decrease in rescue-analgesia requirements. 8, 19, 33, 37, 42, 48, 56, 64, 67, 75 In all cases, ESPB was performed under general anesthesia and preoperatively. While single-shot doses were used in day-surgery cases, catheterization and intermittent boluses have been reported for thoracic and cardiac procedures for postoperative analgesia. There are some limitations to ESPB use in pediatric patients, due to its as yet incompletely understood mechanism of action. The spread of injectant in the paravertebral epidural space and the relationship of this spread and local anesthetic volume has not been studied in children. Pediatric cases of ESPB and their characteristics are shown in Table 2 .
Dermatomal analysis
As well as different injectant spread among patients, the distribution of sensorial block may also vary in ESPB. ESPB performed with the same volume at the same level can lead to differing craniocaudal spread and thus sensorial block. Table 4 demonstrates block levels, volume, and content of injectant and the craniocaudal spread of sensorial block for bilateral ESPB applications reported in the literature. It is important to note that even when the same volume and content of injectant is applied at the same level, sensorial block is sometimes limited to the back, with no spread to the side or front of the thorax, and that some lower-volume applications lead to more sensorial 
Complications
There have been no specific reported complications of bilateral ESPB. The first reported complication of ESPB was pneumothorax. 76 Bilateral lower-extremity motor weakness observed after bilateral ESPB in a patient that had undergone cesarean section has been reported, although whether this can be considered a complication of ESPB is a matter of debate. 60 It has been reported that ESPB applied from the lumbar or lower thoracic levels may lead to effects similar to lumbar plexus block. 23, 77 Although motor weakness is not generally considered a complication, it is an unintended event. Therefore, care should be taken in patients undergoing lower thoracic or lumbar ESPB, and motor weakness should be evaluated. In a single-center study of 182 patients undergoing ESPB, one definite and two suspicious cases of minor symptoms of central nervous system local anesthesia toxicity were reported. 28 A case of priapism has been reported after a single-sided ESPB applied from the fourth lumbar level. 78 The authors stated that this was probably due to spread of local anesthetic bilaterally to both sympathetic chains. Therefore, we have included this complication in this review. Block failure/lack of efficiency Block failure or lack of efficiency has been reported in two papers. The first was considered a failure of placement of the catheter, as the patient reported severe pain on the relevant side. 57 In the second case, ESPB failure/lack of efficiency was reported in 12 patients of 182 (6.5%) that underwent ESPB. The authors reported no common denominator with regard to surgical procedures, application level, applied local anesthetic volume, or concentration in these patients. 28 Further studies are required to determine if differences in fascia, incorrect dermatomal choice, or volume/concentration of local anesthetic, as well as the timing of bilateral ESPB, respiratory or abdominal dynamics, and patient position, effect the efficacy of bilateral ESPB.
Concerns and further debate
Bilateral ESPB has become an up-to-date and ambitious modality for the treatment of both chronic and acute or postoperative pain. It is a good alternative to paravertebral block and epidural analgesia in laparoscopic surgery, procedures that require incision in both hemithoraces or hemiabdomens, cardiac surgeries requiring parasternal incision, and gastrointestinal, gynecological, obstetric and urological cases requiring median approaches. Although there have been two clinical studies, most data on bilateral ESPB come from case reports. However, as a regional anesthesia technique, not all aspects of bilateral ESPB have yet become clear. There remain questions to be answered and mechanisms to be revealed. It is not possible to demonstrate the posterolateral or craniocaudal spread of local anesthetic in this block. Sometimes, a wider range of dermatomal sensorial block can be observed with small volumes compared to larger volumes and sometimes differing sensorial blocks can be reported even when the same volume of injectant is used at the same level. 6, 35, 47 Due to this discrepancy, it is difficult to accurately determine the required volume and level of ESPB block according to the size and incision site of the surgical procedure. These cases will appear in the literature as block failure of lack of efficiency. We believe the best approach is to choose the dermatome in the center of the surgical field and perform a bilateral ESPB. Cadaveric studies and radiological imaging studies have revealed differing findings. 4 In a cadaveric study, Uvanusic et al 9 reported that no analgesia spread occurred anteriorly to the transverse process or paravertebral space. The effect of ESPB on blocking visceral pain in laparoscopic surgery and hyperalgesia in acute pancreatitis has however been demonstrated, and even a case of priapism secondary to sympathetic blockage by ESPB has been reported. 6, 7, 44, 78 There is no other regional anesthesia technique in which clinical results and anatomic studies differ so much. It is our belief that high-evidence-value clinical studies will bring answers to these questions soon.
In recently published findings of a case series supported by cadaveric data, the effectiveness of bilateral ESPB in open abdominal hysterectomy and spread of local anesthetic was demonstrated. 82 In this study, 20 mL methylene blue was administered to each of four cadavers bilaterally from the Th9 level. Dye was then demonstrated to have spread to the the dorsal rami (100%), ventral rami (75%), and ganglion spinale and duramater (62.5%) of the Th9 level. However, as this study did not use fresh cadavers, we were not convinced that the findings have enough evidential quality to be included in our "Spread of injectant: anatomic studies and radiological imaging" section. Despite correlating with clinical findings, these cadaveric findings still require further confirmation. Although only 2.5 years have passed since the first ESPB block was reported, this block has been the subject of case reports and case series of clinical studies that have totaled more than 200 patients. This is due to its ease of application, safety due to the distance of the needle to nervous and vascular structures, presence of the transverse process between them, and the relatively small percentage of complications that have been observed. ESPB has been used in nearly all surgical procedures, other than head and neck, and genital and surgical procedures below the knee have had positive results reported. However, it must, not be forgotten that failed blocks and insufficient dermatomal blockage may also be reported.
There have been few randomized controlled clinical studies comparing bilateral ESPB and other regional anesthesia techniques. It is of course important that this technique provides superior analgesia or decreases opioid requirement when compared to a control group. However, discussions on its efficiency will continue until bilateral ESPB has been compared to paravertebral blocks or epidural analgesia. It is too early to draw clear conclusions on the true efficacy of bilateral ESPB before randomized controlled or comparative studies have been completed.
Another concern is the safety of bilateral ESPB. Literature report have used varying anesthetic agents at differing concentrations. Bilateral ESPB is not comparable to any other interfascial plane block with regard to the point of application. Although it is considered a fascial block, if there is paravertebral and intercostal spread, as is claimed, the amount of spread to this area cannot be predicted. 11 If there is a risk of effects similar to paravertebral and intercostal nerve blocks, which have the highest risk of local anesthesia toxicity, unforeseen systemic toxicities may be observed. There is also the requirement for studies on the pharmacokinetics of local anesthetics in unilateral or bilateral ESPB.
Conclusion
When considering that the craniocaudal and vertical spread of local anesthetic and sensorial block is not clearly known or predictable, it seems that the mechanism of ESPB and spread of local anesthetics will be determined through clinical data, unlike other blocks. Despite the relatively small amount of data on bilateral ESPB, it appears to be a promising and effective method. However, randomized controlled studies, comparative studies of ESPB versus other methods, and pharmacokinetic studies of bilateral applications must be the next step in gaining clear understanding of this regional anesthesia technique.
